The observation of CP violation has been experimentally verified in numerous B decays but is yet to be confirmed in final states with half-spin particles. We focus our attention on baryonic B-meson decays mediated dominantly through internal W -emission processes and show them to be promising processes to observe for the first time CP violating effects in B decays to final states with half-spin particles. Specifically, we study the branching fractions and direct CP violating asymmetries of the baryonic B meson decaysB 0 → ppM ( * )0 , where M ( * )0 stands for π 0 (ρ 0 ).
I. INTRODUCTION
The investigation of CP violation (CPV) has been one of the most important tasks in hadron weak decays. In the Standard Model (SM), CPV arises from a unique phase in the Cabibbo-Kobayashi-Maskawa (CKM) quark mixing matrix; however, it is insufficient to explain the matter and antimatter asymmetry of the Universe. To try and shed light on solving the above puzzle, a diverse set of observations related to CPV is necessary. So [16] , in excellent agreement with the values of (5.46 ± 0.61 ± 0.57 ± 0.50 ± 0.32) × 10 −6 measured by LHCb [17] , and the theoretical extension to four-body decays allows to interpret the branching fraction measurement of [18] [19] [20] . The same can be said for CP asymmetries. Indeed,
, have been predicted as (22, 6 , −6)% [21, 22] , in comparison with the experimental values of (21 ± 16, 2.1 ± 2.0 ± 0.4, −4.1 ± 3.9 ± 0.5)% [1, 4].
In this letter, we focus our attention on baryonic B-meson decays mediated dominantly through internal W -emission processes and show them to be promising processes to observe for the first time CP violating effects in B decays to final states with half-spin particles.
Specifically, we will study the branching fractions and direct CP violating asymmetries of Their measured branching fractions are not small, given by [18, 23] 
with 0 → pp production, and (d,e,f) for theB 0 → pp transition with recoiled π 0 (ρ 0 ) meson, where
which makes possible observation for CPA. We will predict the CP violating asymmetries to be large.
II. FORMALISM
As seen in Fig. 1 
where A 1,2 (M X ) correspond to Fig. 1 (a,b,c) and (d,e,f), respectively. Explicitly, A 1,2 are given by [13, 15, 16, [25] [26] [27] ]
with G F the Fermi constant. The parameters α i are defined as
where V ij are the CKM matrix elements, and a i ≡ c and the color number N c [25] . We note that
The B → X M transition matrix elements in A 1 (X M ) are written as [28, 29] 
where u(v) is the (anti-)baryon spinor, and F 1,2 , g A , h A , f S , and g P the timelike baryonic form factors.
with f M ( * ) the decay constant. Those of the B → BB ′ transitions are given by [12, 26] 
where g i (f i ) (i = 1, 2, ..., 5) andḡ j (f j ) (j = 1, 2, 3) are the B → BB ′ transition form factors.
The mesonic and baryonic form factors have momentum dependencies. For B → M ( * ) , they are given by [30] 
where
, A 1,2 ). The approach of perturbative QCD counting rules derives the baryonic form factors and B → M 1 M 2 ones with 1/t n as the leading-order expansion [12, 26, [31] [32] [33] [34] , given by
−γ with γ = 2.148 and Λ 0 = 0.3 GeV. In Ref. [35] ,
) is calculated to be much less than F 1 , hence we neglect it. Since h A is regarded to cause B(B 0 → pp) ∼ 10 −8 [36, 37, 39] , we neglect h A also. The neglecting of (r, w + ) in Eq. (5) is by following Refs. [33, 34] , which is due to the fact that their parity quantum numbers disagree with the experimental evidence of J P = 1 − for the meson-pair production [40] .
The constants C i (D i ) can be decomposed as another sets of parameters that obey the SU(3) flavor and SU(2) spin symmetries, derived in Refs. [19, 27, 31] and [12, 13, 16, 21, 26] , respectively. Explicitly, they are given by
with j = 2, .., 4, 5, where δC ||(||) (δC || ) in C * ||(||)
≡ C ||(||) + δC ||(||) (C * || ≡C || + δC || ) is to account for the broken effects, used to explain the large angular distribution asymmetries in B → Λpπ [38] . The direct CP violating asymmetry is defined as 
The decay constants are f π,ρ = (130.4 ± 0.2, 210.
We adopt the B → M ( * ) transition form factors in Ref. [30] , listed in Table I .
as [13, 16, 19] (C h , C w − ) = (3.6 ± 0.3, 0.7 ± 0.2) GeV 
For α i in Eq. (4), the effective Wilson coefficients c ef f i are calculated at the m b scale in the NDR scheme, see Ref. [25] . They are related to the size of the decay, where the strong phases, together with the weak phase in V ub and V td , play the key role in A CP .
IV. DISCUSSIONS AND CONCLUSIONS
Our results for the branching fractions and CP violating asymmetries ofB 0 → ppX M decays are summarized in Table II , where we have used N c = 2, leading to a 2 ≃ 0.22, and averaged the particle and antiparticle contributions for the total branching fractions.
In the generalized factorization approach, N c is taken as a floating number in order to take into account the non-factorizable effects [25] . Factorization is regarded to be valid provided that the data can be explained with N c in the range between 2 and ∞, which is in accordance with a 2 ∼ O(0.2 − 0.3), commonly used in the study of internal W -emission b-hadron decays [41] [42] [43] [44] [45] . Indeed, with a 2 ≃ 0.22, where N c = 2, we have interpreted 10 7 B(B 0 → ppρ 0 ) 1.9 ± 0.1 ± 0.4 -
A CP (B 0 → ppπ 0 ) (−16.0 ± 1.6 ± 1.7)% -
In b-hadron decays the CP asymmetry can be presented as
where the δ W (S) is the weak (strong) phase arising from the tree (penguin)-level contribution of the decay amplitude written as A = T e iδ W + P e iδ S . The ratio R = P/T for tree-dominant decays also plays a key role in A CP , apart from δ W and δ S . As the external W -emission decay, 
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